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Is Inpatient Volume Or Emergency
Department Crowding A Greater
Driver Of Ambulance Diversion?
ABSTRACT Inpatient volume has long been believed to be a contributing
factor to ambulance diversion, which can lead to delayed treatment and
poorer outcomes. We examined the extent to which both daily inpatient
and emergency department (ED) volumes at specified hospitals, and
diversion levels (that is, the number of hours ambulances were diverted
on a given day) at their nearest neighboring hospitals, were associated
with diversion levels in the period 2005–12. We found that a 10 percent
increase in patient volume was associated with a sevenfold greater
increase in diversion hours when the volume increase occurred among
inpatients (5 percent) versus ED visitors (0.7 percent). When the
next-closest ED experienced mild, moderate, or severe diversion, the
study hospital’s diversion hours increased by 8 percent, 23 percent, and
44 percent, respectively. These findings suggest that efforts focused on
managing inpatient volume and flow might reduce diversion more
effectively than interventions focused only on ED dynamics.
W
hen an emergency depart-
ment (ED) does not have
the capacity to take on more
patients, it must close its
doors to incoming ambulanc-
es. This phenomenon, known as diversion,
means that ambulances must drive to the next
available ED, which increases the time required
to reach the ED. This potentially delays ambu-
lance turnaround1 and treatment of patients,2
increases both short- and long-term patient
mortality rates by up to 10 percent,3,4 and results
in lost hospital revenues5 and in higher patient
medical costs from increased need for more-
intensive treatment that otherwise would have
been unnecessary.6 Inpatient volume has long
been anecdotally cited by physicians as a main
contributing factor to crowding in the ED and
the subsequent triggering of diversion.7–11 Iden-
tifying whether inpatient volume is associated
with diversion could prove critically important
to formulating more effective interventions to
decrease diversion, sincemany current interven-
tions focus on ED dynamics rather than overall
hospital systems and resources.12,13
Previous studies that examined the relation-
ship between patient volume and ED diversion
used average or annual volumes instead of daily
volumes14 or limited sample sizes15–17 or were
based on simulations18—design features that
limit their ability to accurately quantify the asso-
ciation between diversion and patient volume.
While some of the literature describes the rela-
tionship between inpatient boarding and ambu-
lance diversion,19–21 most studies that cite the
contribution of inpatient boarding, volume, or
both to diversion are based on cross-sectional
surveys or anecdotal reports.7,8,22–25 Quantifying
the empirical relationship between diversion
and both daily inpatient and ED volumes is criti-
cal to identifying where bottlenecks occur—spe-
cifically, whether diversion is more sensitive to
input factors such as demand for ED care, or to
output factors such as lack of available staffed
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inpatient beds.24 Furthermore, it is important to
know whether the volume-diversion relation-
ships are magnified in “high-occupancy” hospi-
tals with fewer available beds—which is possible
given that high occupancy has been associated
with crowding and increased lengths of stay
for ED patients26—and how these relationships
change if there is another hospital with an ED
within a ten-minute drive.
The primary goal of ourworkwas to determine
whether inpatient volume is a bigger driver of
ambulance diversion than ED volume is. To this
end, we used a combination of large data sets
containing information about daily inpatient
and ED volumes and diversion hours in Califor-
nia to longitudinally investigate how diversion
hours fluctuate with a hospital’s inpatient and
ED volumes and with the level of crowding expe-
rienced by a hospital’s next-closest (“nearby”)
ED, as measured by diversion level (that is, the
number of hours in which ambulances were di-
verted on a given day); and whether the relation-
ships between both inpatient and ED volumes
and diversion hours differ by a hospital’s occu-
pancy rate and by whether there was another ED
within a ten-minute drive (in “close proximity”).
We hypothesized that there was a strong positive
association between the number of diversion
hours a hospital experienced and both its own
patient volumes and nearby-ED diversion level.
We expected the association to be stronger for
hospitals with high occupancy rates but weaker
for hospitals with a close-proximity ED.
Study Data And Methods
Data We extracted daily diversion data from am-
bulance diversion logs maintained by all seven-
teen local emergency medical services agencies
(LEMSAs) in California that did not ban ambu-
lance diversion during the study period (2005–
12).We excluded the following counties from the
analysis because they banned diversion: Inyo (as
of January 2009), Imperial (as of August 2009),
and Riverside (as of March 2008). Some LEM-
SAswerenot able to provide daily diversion data,
including those in rural areas. Roughly 88 per-
cent of the population in California lived in areas
in our analytical sample.
We constructed daily volume information us-
ing patient-level data and hospital occupancy
information from the Hospital Annual Utiliza-
tion Data obtained from the California Office of
Statewide Health Planning and Development.27
The nonpublic inpatient and ED discharge data
and vital statistics contained information on all
inpatient admissions and ED visits from every
nonfederal, general, acute care hospital in Cal-
ifornia in the period 2005–12.
Daily inpatient volume included all inpatients
at each hospital in the data source, regardless of
source of admission (direct inpatient admission
or admission from the ED), because once a pa-
tient is under inpatient care, they effectively re-
duce the resources available during the inpatient
stay (which could include days with no diver-
sion). Often, an ED may reach capacity because
it boards inpatients when inpatient beds are un-
available or transfer to other facilities is de-
layed.21,28 Daily ED volume included all patients
either discharged from an ED after treatment
(that is, “treat-and-release patients”) or admit-
ted to a hospital from an ED.
Study DesignOur empirical analysis included
two sets of key independent variables. The first
was daily patient volume, which allowed us to
examine the correlations (and sizes of the effect)
between the number of diversion hours experi-
enced and a hospital’s inpatient and ED volume.
The second was diversion levels experienced by
a hospital’s nearby ED, which allowed us to ana-
lyze howahospital’s diversion hourswere affect-
ed by diversion levels at nearby hospitals (“spill-
over effects”). We identified nearby EDs using
automated Google Maps queries29 based on lon-
gitude and latitude information from each hos-
pital’sphysical addressorheliport.30Aswasdone
in previous literature,4,6 we classified nearby
EDs’ diversion levels into four categories based
on the total hours of diversion experienced on a
given day: zero hours, less than six hours (mild),
six to less than twelve hours (moderate), and
twelve hours or more (severe).
We used unique hospital identification num-
bers to link the above informationwith addition-
al hospital characteristics obtained from the
American Hospital Association Annual Survey
and theHealthcare Cost Report Information Sys-
tem, including ownership type, teaching status,
systemmembership, total number of beds, occu-
pancy rates, andmarket competition (defined by
the Herfindahl-Hirschman Index, which is com-
monly used to measure market concentration in
the hospital industry).
The University of California San Francisco In-
stitutional Review Board approved this study.
Statistical Analysis We used hospital days
as our unit of analysis and compared daily pa-
tient volumesondayswhenhospitals did anddid
not experience diversion.We used amultivariate
fixed-effects linear regressionmodel,which took
into account thenesteddayswithineachhospital
and the unobserved heterogeneity across hospi-
tals, to explore the relationship between patient
volumes and diversion. For our main results, we
estimated two models. The first explored the
“extensive margin,” with the sample containing
all hospital days and the dependent variable in-
Hospitals
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dicating whether or not a hospital had any diver-
sion hours on a given day (a binary indicator).
The second model explored the intensity of the
relationshipbetweenvolumeanddiversion,with
the sample containing only hospital days with
nonzero positive diversion hours and the depen-
dent variable being log-transformed daily diver-
sion hours.
Our first model included hospital fixed effects
to remove baseline differences, such as those in
the underlying patient population and across
hospitals. This approach is equivalent to the
case-crossover design, in which a hospital serves
as its own control in comparisons of fluctuations
in diversion hours due to changes in patient
volume. The model also included time-varying
hospital characteristics—indicators for year,
month, and day of the week—to capture macro
trends (that is, normal fluctuations in diversion
hours over time not related to patient volume).
In the second model, for ease of interpretation,
we log-transformed the dependent variable
(daily diversion hours) so that coefficients for
inpatient and ED volumes could be interpreted
as percentage changes. Our five key variables of
interest included log-transformed inpatient and
ED volumes and three indicators for nearby-ED
diversion level, with “no diversion” as the refer-
ence group. We performed all analyses using
Stata, version 14.
The first model had advantages over tradition-
al hierarchical models for our analysis because it
removed unobserved time-invariant differences
across hospitals; doing so was critical to our
estimation—that is, the hospital fixed effects
approach allowed us to rule out the possibility
that the relationship we observed between pa-
tient volume and diversion was due to manage-
rial style or care culture in a given hospital.
Hierarchical models, in contrast, would assume
that hospital-level variation followed a random-
effects model and would not be able to remove
the unobserved differences across hospitals,
such as underlying managerial style or general
health of the patient population.31
We estimated two additional interaction mod-
els, stratified by whether the hospital was high
occupancy and whether there was a close-prox-
imity ED, to explore how the association be-
tween key independent variables and diversion
hours varied between these classifications. We
classified a hospital as “high occupancy” if it
had a mean annual occupancy rate greater than
65 percent (the median in our sample) and “low
occupancy” otherwise.We defined close-proxim-
ity EDs, as previously stated, as those within
a ten-minute drive. The reference hospitals for
the first and second interaction models were
low-occupancy hospitals and hospitals without
another EDwithin its proximity (that is, within a
ten-minute drive), respectively.We added inter-
action terms between the indicators for each
stratification (occupancy and proximity of
next-closest ED) and the five key independent
variables included in our main model.
Limitations Our study had several limita-
tions. First, hospitals self-reported the occupan-
cy rates used in our study, and there could be
discrepancies betweennumbers of staffed versus
licensed beds. Because data from the Office of
Statewide Health Planning and Development
report licensed beds rather than staffed beds,
occupancy rates in our study could be underes-
timates.
Second, there could be some measurement
error or reporting bias in self-reported diversion
data. However, the potential errors are likely
minimal, as we obtained the diversion data di-
rectly from EMS online reporting systems, and
in all counties, hospitals on diversion notify a
base hospital (a hospital designated by the local
EMS agency to provide medical direction and
supervision to prehospital personnel), and the
time and date of each diversion episode is auto-
matically logged into the system. In addition,
we found a high degree of concurrence when
we compared aggregated daily data to yearly lev-
els of diversion using several years of our diver-
sion data and the data reported to the state
(not shown).
Third, we did not investigate the underlying
reasons for eachdiversion episode. InCalifornia,
local EMS agencies provide guidance to hospi-
tals regarding diversion policies.32,33 Most local
EMS agencies have similar reasons for diversion
(for example, ED saturation, internal disrup-
tions such as when a fire or bomb threat causes
a facility to shut down, or unavailability of criti-
cal equipment). However, in general, there are
no specific thresholds for the number of inpa-
tients or ED patients that will trigger diversion.
The unobserved variation in specific reasons
triggeringdiversionmaymakeourestimates less
precise.
Fourth, while fixed effects remove unobserved
time-invariant differences across EDs, theremay
be unobserved time-varying hospital character-
istics associated with hospital overcrowding and
diversion that were not captured in the data.
However, our results were robust when we used
hierarchical models.
Fifth, we included all inpatients and ED pa-
tients, who have a wide range of conditions with
varying levels of acuity, and patient case-mix
(that is, the severity of illness across patients)
may vary fromhospital to hospital.However, our
fixed-effects models ensured that we identified
the estimated relationship between patient vol-
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ume and diversion using hospitals as their own
case controls, so our results were not driven by
differences in the underlying patient population
across hospitals.
Lastly, because some LEMSAs were not able to
provide daily diversion data, our data contained
information only about urban areas in Califor-
nia, and although 12 percent of the US popula-
tion resides in California, our results might not
be generalizable to the rest of the country—
especially not to rural areas.
Study Results
Our sample contained information on 248,128
hospital days, representing 208 hospitals in Cal-
ifornia that reported having a diversion on at
least one day in the period 2005–12. Hospitals
reported diversions on 81,802 days, or 33 per-
cent of all hospital days.We generated daily pa-
tient volumes from5,875,979 inpatient stays and
18,784,196 “treat-and-release” patients. The av-
erage hospital treated approximately 133 inpa-
tients and 81 ED patients per day (exhibit 1).
Forty-six percent of the hospitals encompassed
byourdatawere small,with fewer than200beds.
Twenty percent were for profit, 18 percent were
government owned, and 14 percent were teach-
ing hospitals.
Average daily inpatient volumes across the
entire sample were consistently higher on days
with diversion (mean: 161 patients) compared to
days without (mean: 105) during the study peri-
od (exhibit 2). Similarly, daily ED volumes were
higher on days with diversion (mean: 87) com-
pared to days without (mean: 70). The only ex-
ception was between January and September of
2012, when average daily ED volumes were simi-
lar on days with and without diversion.We com-
pared trends for inpatient and ED volume, each
with and without diversion, using the nonpara-
metric Kolmogorov-Smirnov test for equality of
distribution, and we found that the trends for
inpatient and ED volume did not follow the same
distribution (p < 0:0001). In other words, daily
patient volume trends indayswithanddayswith-
out diversion were significantly different from
each other.
Main Results The first column of exhibit 3
shows the results of the “extensive margin,”
where we examined whether a hospital goes
on diversion at all. For every 10 percent increase
in inpatient or ED volume, the probability of
diversion occurring on a given day increased
by 0.9 percentage point (95% confidence inter-
val: 0.2, 1.6) and 1.0 percentage point (95% CI:
0.7, 1.4), respectively. (Full results are available
in online appendix exhibit A1.)34 To put this into
perspective, diversion occurred in 33 percent of
hospital days, so a 1.0-percentage-point increase
is equivalent to a 3 percent increase in the prob-
ability of having a diversion. The probability that
a hospital experienced any diversion also in-
creased proportionally with the amount of diver-
sion experienced by its nearby ED, rising 10 per-
centage points (95% CI: 8, 12) when the nearby
ED experienced mild diversion, 19 percentage
points (95% CI: 15, 22) when the diversion
was moderate, and 21 percentage points (95%
CI: 17, 25) when it was severe.
If a diversionoccurred, a 10percent increase in
inpatient volumewas associatedwith a 5 percent
increase in diversion hours (95% CI: 3.8, 6.3),
while a 10 percent increase in ED volume was
associated with a 0.7 percent increase (95% CI:
0.2, 1.2).When the nearby ED experienced mod-
erate or severe diversion, the hospital experi-
enced a 23 percent (95% CI: 18, 27) and 44 per-
cent (95%CI: 37, 51) increase indiversionhours,
respectively. However, when the nearby ED ex-
perienced onlymild diversion, compared to days
with no diversion, there was only an 8 percent
(95% CI: 5, 11) increase. (Full results are in ap-
pendix exhibit A2.)34
Results From Interaction Models Exhibit 4
Exhibit 1
Descriptive hospital characteristics, based on hospital-day sample
Mean Percent SD
Daily patient volume per hospital
Inpatient 133.21 87.40
Emergency department 81.27 41.60














Part of a system 72.59
Case-mix index 1.46 0.21
Occupancy rate 0.64 0.15
Herfindahl-Hirschman Index 0.16 0.15
Mean wage index 1.32 0.18
Mean share of Medicare 0.26 0.14
SOURCES Authors’ analysis of data from the California Office of Statewide Health Planning and
Development, American Hospital Association Annual Survey, Healthcare Provider Cost Reporting
Information System, and daily ambulance diversion logs of all seventeen local emergency medical
services agencies (LEMSAs) in California that did not ban ambulance diversion during the study
period. NOTES N ¼ 248,128 hospital days. SD is standard deviation.
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shows the results of our examination of the in-
tensity of the relationship between patient vol-
ume and diversion along two dimensions. First,
when we stratified the analysis by hospital occu-
pancy rate, the relationships between patient
volume (both inpatient and ED) and diversion
were statistically similar between high- and low-
occupancy hospitals. However, high-occupancy
hospitals experienced longer diversion hours
compared to low-occupancy hospitals when a
nearby ED was also on diversion. Specifically,
compared to dayswhen a nearbyED experienced
no diversion, during days when it experienced
mild or moderate diversion, high-occupancy
hospitals had an additional 6 percent (95% CI:
0, 11) and 13 percent (95% CI: 4, 21) increase in
Exhibit 2
Numbers of inpatients and emergency department (ED) visitors, by hospitals’ ambulance diversion status, 2005–12
SOURCE Authors’ analysis of data from the California Office of Statewide Health Planning and Development and from daily ambulance
diversion logs of all seventeen local emergency medical services agencies (LEMSAs) in California that did not ban ambulance diversion
during the study period.
Exhibit 3
Effects of changes in inpatient and emergency department (ED) volume and ambulance diversion status of nearby ED on
hospital ambulance diversion hours
Percentage-point change in
probability that a hospital is on
ambulance diversion on a given daya
Percent change in
diversion hoursb
10% increase in inpatient volume 0.9** 5.0***
10% increase in ED volume 1.0*** 0.7***
Nearby ED’s diversion status changed from
no diversion to diversion of:
Less than 6 hours 10*** 8***
6 to less than 12 hours 19*** 23***
12 hours or more 21*** 44***
SOURCE Authors’ analysis of data from the California Office of Statewide Health Planning and Development and from daily ambulance
diversion logs of all seventeen local emergency medical services agencies (LEMSAs) in California that did not ban ambulance diversion
during the study period. NOTES The exhibit shows the results of regressions that controlled for all hospital characteristics shown in
exhibit 1 and for year, month, and day of the week. The data are only for the 33 percent of all hospital days when hospitals experienced
ambulance diversion (that is, 81,802 of 248,128 hospital days). Full results are in appendix exhibits A1 and A2 (see note 34 in text).
aDependent variable: whether a hospital day has nonzero positive diversion hours. The sample is all 248,128 hospital days. bDependent
variable: diversion hours, log-transformed. The sample is 81,802 hospital days with positive diversion hours. **p < 0:05 ***p < 0:01
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diversion hours, respectively.
Second, when we stratified the analysis by the
presence of a close-proximity ED, we found that
the presence of such an ED can relieve a hospi-
tal’s diversionburdenwhen its ownEDvolume is
high. Specifically, a 10 percent increase in ED
volume was associated with a 2.0 percent in-
crease in diversion hours among hospitals with-
out a close-proximity ED but just 0.5 percent
(2:0 − 1:5 ¼ 0:5) among hospitals with such
an ED—the 1.5 percentage point difference is
statistically significant (p < 0:05; 95% CI: −2.7,
−0.4). However, when the nearby ED experi-
enced a severe diversion, hospitals with a
close-proximity ED had substantially higher di-
version hours relative to hospitals without a
close-proximity ED: Diversion hours for hospi-
tals with a close-proximity ED rose by an addi-
tional 15 percent (95% CI: 2, 27), relative to
hospitals without one.
Discussion
Our findings indicate that both inpatient and ED
volumes are associated with higher probability
of an ED going on diversion. If a hospital expe-
riences a diversion, our findings also show that a
10 percent increase in patient volume is associ-
atedwith a sevenfold increase in diversion hours
when inpatient volume increases, compared to
when ED volume increases (5.0 percent versus
0.7 percent). Additionally, nearby-ED diversion
may increase a hospital’s diversion hours by 8–
44 percent.
Theoretically, our findings of associations be-
tween both inpatient and ED volume and diver-
sion could be interpreted in two ways. Either
increased inpatient volume could cause a back-
log of patients in the ED awaiting inpatient ad-
mission, who are then boarded in the ED, which
leads in turn to ED crowding and subsequent
diversion, or ED crowding could be a cause of
increases in both inpatient volume (through in-
creased admissions) and diversion. The previous
literature shows that boarding of nonemergency
inpatients is a key contributor to ED crowding
and that managing inpatient flow can decrease
boarding in the ED—which suggests that the for-
mer relationship is more likely to be the case
than the latter.35–37
Why would inpatient and ED volumes have a
similar effect ondiversion status in a binary fash-
ion but have such different associations when
evaluated conditional on diversion (meaning
that inpatient volumes played the much larger
role in influencing the amount of diversion)?
Given that ED diversion is temporary and can
be easily switched on and off, it is likely that high
inpatient and ED volumes can prompt adminis-
trators to go on diversion temporarily but that
Exhibit 4
Effects of inpatient and emergency department (ED) volume and ambulance diversion status of nearby ED on ambulance





Percent change in diversion hours in reference hospitalsb
10% increase in total inpatient volume 4.3*** 6.1***
10% increase in total ED volume 0.8*** 2.0***
Nearby ED’s diversion status changed from no diversion to:
Less than 6 hours 5*** 5***
6 to less than 12 hours 16*** 19***
12 hours or more 38*** 35***
Additional change for hospital in header relative to the reference hospitalsb
10% increase in total inpatient volume 2.0 −1.7
10% increase in total ED volume −0.3 −1.5***
Nearby ED’s diversion status changed from no diversion to:
Less than 6 hours 6** 4
6 to less than 12 hours 13*** 6
12 hours or more 10 15**
SOURCE Authors’ analysis of data from the California Office of Statewide Health Planning and Development, American Hospital
Association Annual Survey, and daily ambulance diversion logs of all seventeen local emergency medical services agencies
(LEMSAs) in California that did not ban ambulance diversion during the study period. NOTES The exhibit shows the results of
regressions that controlled for all hospital characteristics shown in exhibit 1 and for year, month, and day of the week. The data
are for the 81,802 days when hospitals experienced ambulance diversion. Full results are in appendix exhibit A2 (see note 34 in
text). A “nearby” ED is one in a hospital that is nearest geographically to the hospital in question. A “close-proximity” ED is one
within a ten-minute drive of the hospital in question. aHospitals with a mean annual occupancy rate higher than 65 percent (the
median in our sample). bReference hospitals for the first column are low-occupancy hospitals; reference hospitals for the second
column are hospitals that did not have an ED within a ten-minute drive. **p < 0:05 ***p < 0:01
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inpatient volumes have a more lasting effect on
the duration of a diversion—since it is difficult to
createmore inpatient capacity in a short amount
of time compared to the ED, where patients are
usually discharged the same day.
Our analysis comparing high-occupancy hos-
pitals (those with mean annual occupancy rates
greater than 65 percent) and other hospitals re-
vealed two interesting insights.On theonehand,
the relationship between patient volume and di-
version was similar regardless of a hospital’s oc-
cupancy status.Given the literature showing that
hospitals with lower occupancy rates are associ-
ated with low performance,38 it is possible that
such hospitals have less efficient operations (for
example, fewer protocols to expedite inpatient
admissions from the ED), and these inefficien-
cies could be amplified during times of higher
volume. On the other hand, our findings show
that high-occupancy hospitals experienced lon-
ger diversion hours relative to low-occupancy
hospitals when the nearby ED of both types of
hospitals also experienced mild or moderate di-
version (less than twelve hours), and that two
EDs within close proximity can influence each
other’s diversion status. Although having a
close-proximity ED can relieve a hospital’s bur-
den when its own ED is on diversion, all else
being equal, when the nearby ED experiences
a prolonged diversion, it significantly increases
the diversionhours (by another 15 percent) of its
close-proximity ED. These findings could either
illustrate that there is a domino effect or be a
result of preemptive or defensive diversion.39
They could also simply reflect the fact that all
EDswithin a certain proximity are likely affected
by similar factors (for example, the time of day,
referral practices, and flu season). Our findings
from these stratified analyses shed light on the
importance of accounting for community and
hospital characteristics in evaluating solutions
for managing patient volume.
This study provided empirical evidence to help
identify factors that play a significant role in
ambulance diversion. One potential implication
of these findings is that initiatives to better
manage inpatient volume may be important in
reducing diversion, and thereby improving
outcomes—especially in communities that expe-
rience significant amounts of diversion and
among patients with potentially time-sensitive
conditions. At first glance, inpatient volume
may appear to be a factor that would be difficult
to change and outside the scope of policy influ-
ence. However, studies have shown that certain
practices within hospitals (such as bed control
meetings, bed crisis or surge models, and more
restrictive diversion policies) could result in de-
creased time on diversion33,40 but have not been
widely adopted.41 Other possibilities include bet-
ter use of licensedbeds: The literature shows that
a significant proportion of these beds are often
not staffed (these are sometimes known as
“phantom beds”), which decreases the number
of beds that can actually be used.42 Taken togeth-
erwith other literature, our findings suggest that
addressing systemwide hospital factors to better
manage inpatient volume could have a larger
effect on reducing time on diversion, compared
with initiatives focused solely on the ED. ▪
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